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OPTICAL FEEDBACK SYSTEM 

FIELD OF THE INVENTION 

5 The present invention relates to a system and a method for generating an optical feedback 
for controlling the output power of a light source, such as a high power light source, 
preferably such as a high power laser, for example such as a high power semiconductor 
laser. 

10 BACKGROUND OF THE INVENTION 

High power light sources, such as high power lasers, are widely used in all kind of technical 
fields. Semiconductor lasers are compact in size, reasonable in price and are capable of 
emitting a high power laser beam and are, thus, widely used. It is, though, a disadvantage 
15 that the properties of the semiconductor lasers may degenerate over time. 

Furthermore, the wavelength of the light beam emitted from a semiconductor laser is 
highly temperature dependent so that a change in wavelength may be seen when the 
temperature of the semiconductor laser is changed. The temperature of the semiconductor 
20 laser is for example increased when heat emitted from the laser is dissipated in the laser 
structure itself. Since many of the optical components in a semiconductor laser setup are 
wavelength dependent, the optical output power may also be changed when the 
wavelength is changed. 

25 It is, therefore, normally necessary to control the amount of power emitted from a 

semiconductor laser. It is usually preferred to monitor the output power of the laser diode 
assembly continuously and control the drive current of the laser diode assembly 
accordingly so that the output power is kept at a constant level. Alternatively, frequent 
calibrations may be performed on the apparatus. 

30 

A well known principle for measuring the power emitted from a semiconductor laser is to 
position a detector inside the laser diode assembly. Hereby, the light emitted from the 
laser diode is measured directly. It is, though, a disadvantage that the detector positioned 
in the laser diode assembly is very sensitive to back reflected light. The amount of power 
35 detected will, thus, typically include a contribution from light returned back into the laser 
diode. 

To overcome this disadvantage, a detector has been positioned off-axis from the laser light 
beam emitted from the laser diode assembly to thereby detect the light scattered from the 
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output light beam. By measuring the scattered light, the sensitivity to back reflected light 
is reduced but still not eliminated and, furthermore, the precision of the power measured 
with this method may not be as high as required. 

5 For low power lasers, an alternative method of measuring the power of the output light 
beam has been to insert a beamsplitter in the path of the output light beam so that a 
small part of the output light beam (a secondary light beam) is transmitted through the 
beamsplitter for detection whereas the rest of the beam (the primary light beam) is 
reflected (or vice versa). This is possible for a relatively low power laser light beam 
10 whereas new problems arise when a high power laser light beam is transmitted through a 
standard beamsplitter where variations of up to 50 % of the transmittance in a given 
wavelength range is not unusual. 

The beamsplitter is normally provided with a dielectric coating allowing for 
15 transmittance/reflection of specific parts of the output light beam as described above. 
Typically, this coating is designed so that the beamsplitter transmits a specific percentage 
of the output light beam at a specific wavelength, the power of the transmitted light beam 
then being detected by the detector. However, the wavelength of a light beam emitted 
from the laser diode assembly is dependent on the temperature of the laser diode 
20 assembly. Hereby, the wavelength of the output light beam may change according to the 
temperature variations of the semiconductor laser whereby the transmittance of the 
dielectric coated beamsplitter is changed. The detected power of the secondary light beam 
will then not represent a fixed percentage of the primary output light beam, but may 
experience a deviation of up to 50 % of the expected transmittance so that the power of 
25 the primary output light beam may deviate up to 50 % from a predetermined output 
power level. 

An optical system as described above is, e.g., described in US Patent No. 5,757,831. Thus, 
US 5,757,831 describes a solid state laser in which the output is stabilized by means of a 
30 feedback signal which is generated on the basis of the beam intensity by means of a 

secondary beam. However, the power of the secondary beam is not kept at a substantially 
fixed percentage of the power of the primary output beam, and the optical system must 
therefore be expected to suffer from the drawbacks mentioned above. 

35 Japanese Patent Application No. 63 013390 (Patent Abstracts of Japan vol. 012, no. 217) 
describes an optical system for stabilizing the intensity of an optical output by directly 
monitoring front light in output light from a semiconductor laser. A secondary beam is 
obtained by means of a beamsplitter, and the intensity of the optical output is controlled 
on the basis of the secondary beam. However, the power of the secondary beam is not 
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kept at a substantially fixed percentage of the power of the primary beam, and the system 
must therefore be expected to suffer from the drawbacks described above. 



SUMMARY OF THE INVENTION 

5 

It is an object of the present invention to provide a system for detection of the power of 
the high power output light beam from a light source. 



m 
in 



It is a further object of the present invention to provide a system for detection of the 
10 power of a secondary light beam without receiving any false contribution from back 
reflected light. 

It is a still further object of the present invention to provide a system for detection of the 
output power of a light beam emitted from a light source, the accuracy of the detected 
15 output power being within +/- 20 % of a predetermined power level. 

It is still another object of the present invention to provide a system for detection of the 
output power of a light beam emitted from a light source, the accuracy of the detected 
output power being within +/- 10 % of a predetermined power level. 



20 



W 

m It is a further object of the present invention to provide a feedback signal from the 

*J detector to the light source so that the parameters of the light source are adjusted 

q according to the feedback signal so as to keep the output power at the predetermined 

FU power level. 



25 



According to a first aspect of the invention, the above-mentioned and other objects are 
fulfilled by an optical system comprising 



a light source for emission of a first light beam 

30 

a first beamsplitter having a dielectric coating, the first beamsplitter being adapted to 
transmit/ reflect a secondary output light beam in response to said first light beam being 
incident upon said beamsplitter, and further being adapted to reflect/transmit a primary 
output light beam in response to said first light beam being incident upon said 
35 beamsplitter, the power of the secondary output light beam being a substantially fixed 
percentage of the power of the primary output light beam, 



a detector being adapted to measure the power of the secondary output light beam, and 
providing on the basis of the measured power a control signal to the light source, so that 
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parameters of the first light source are adjusted in such a way that the output power of the 
primary output light beam is kept substantially constant. 

According to a second aspect of the invention, a method of controlling the output of an 
5 optical system is provided. The method comprises the steps of: 

emitting, by means of a light source, a first light beam being incident upon a 
beamsplitter having a dielectric coating, 

reflecting/transmitting a primary output light beam by means of said beamsplitter in 

response to the first light beam being incident thereupon, 
10 - transmitting/reflecting a secondary output light beam by means of said beamsplitter in 

response to the first light beam being incident thereupon, and in such a way that the 

power of the secondary output light beam is a substantially fixed percentage of the 

power of the primary output light beam, 

measuring the power of the secondary output light beam, 
15 - providing, on the basis of the measured power, a control signal to the light source, and 

adjusting parameters of the first light source so that the first light beam is emitted in 

such a way that the output power of the primary output light beam is kept 

substantially constant. 

20 The substantially fixed percentage of the secondary output light beam is a percentage 
which is substantially invariant to wavelength variations of the first light beam within a 
predetermined wavelength range. 

Furthermore, the substantially fixed percentage is a percentage which is substantially 
25 invariant to temperature changes of the beamsplitter because the dielectric coating is 

chosen to absorb only a small amount of water during manufacturing. The water content of 
the dielectric coating may otherwise change the transmittance/reflection characteristics of 
the beamsplitter when the beamsplitter is subjected to temperature variations during 
operation. The transmittance and/or reflection spectra of the beamsplitter provided with 
30 the dielectric coating may, thus, be substantially invariant to wavelength changes of the 
first light beam in a predetermined wavelength range and further invariant to temperature 
changes of the coated beamsplitter. 

The substantially fixed percentage may preferably be less 5 %, such as less than 1 %, 
35 such as less than 0.5 %, for example such as less than 0.1 %, such as approximately 0.05 
%, such as less than 0.05 %, such as approximately 0.01 %, of the power of the primary 
output light beam. 
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It is an important advantage that the substantially fixed percentage is invariant to 
wavelength variations of the first light beam within a predetermined wavelength range. In 
a preferred embodiment of the invention, the first light source may comprise one or more 
semiconductor laser(s), such as semiconductor diode laser(s), and since the wavelength of 
the emitted light beam from such semiconductor laser(s) is dependent on the temperature 
of the semiconductor laser, the wavelength of the emitted light beam may change with the 
temperature. The wavelength dependence may for example be 3 nm per 10 °Celsius and 
especially when using high power light sources, the temperature increase of the 
semiconductor laser(s) may be significant, such as above 10 °C, such as around 15 °C, 
such as around 20 °C. 

Furthermore, the wavelength of light emitted from a specific light source provided by 
different manufacturers may be shown to differ from one manufacturer to another, and the 
wavelength may even be shown to differ within one manufacturer from one lot to another. 

In a preferred embodiment, the first light source comprises a semiconductor diode laser, 
such as an AlGaAs diode laser emitting a light beam with a wavelength around 805 nm. In 
this preferred embodiment, the predetermined wavelength range may, thus, be chosen to 
range from approximately 780 nm to approximately 830 nm. In other preferred 
embodiments, other semiconductor diode lasers may be used, such as GalnAsP, GaAsP, 
InP, etc, and a predetermined wavelength range, preferably centered around a center 
wavelength of the chosen semiconductor laser, may be selected so that the predetermined 
wavelength range may be chosen to range from approximately 620 nm to approximately 
650 nm, from approximately 910 nm to approximately 1100 nm, such as from 
approximately 910 nm to approximately 960 nm, such as approximately 980 nm, 
approximately 1030 nm, or approximately 1064 nm, from approximately 1450 nm to 
approximately 1550 nm, from approximately 1600 nm to approximately 1900 nm, such as 
from approximately 1700 nm to approximately 1900 nm, such as approximately 1800 nm, 
or approximately 1680 nm, from approximately 520 nm to approximately 585 nm, such as 
from approximately 578 nm to approximately 585 nm, such as approximately 532 nm, etc. 

It is envisaged that also other lasers may be chosen. For example, solid state lasers, such 
as Nd YAG lasers, such as frequency doubled Nd YAG lasers, such as C0 2 lasers, YAG 
lasers, such as Erbium YAG lasers, Holmium YAG lasers, Nd YAG lasers, etc., pulsed lasers, 
gas lasers, solid state lasers, Hg lasers, excimer lasers, wavelength tuneable lasers, such 
as Optical Parametric Oscillators (OPO's), etc. 

Hereby, the predetermined wavelength range may be chosen to be centered around 
wavelengths emitted by, for example, solid state lasers, such as centered around 515 nm, 
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532 nm, 1.03 pm, 1.064|jm / or, as an other example, using a wavelength tuneable laser, 
such as an optical parametric oscillator, and choosing the predetermined wavelength range 
to be between approximately 578 nm and approximately 585 nm. 

It is an advantage of using the method of the invention in combination with the other 
lasers mentioned above that the power of the output light beam is, hereby, measured 
without any influence from back reflected light and independently of any temperature 
changes of the coated beamsplitter. 

In a preferred embodiment, the incident light beam has a wavelength within a 
predetermined wavelength range, and the beamsplitter may induce a variation in the 
power of the transmitted/reflected secondary light beam being within +/-10 %, such as 
within +/-5 %, of the power of the transmitted/ reflected secondary light beam at a given 
wavelength within the predetermined wavelength range so as to provide a variation in the 
substantially fixed percentage of the primary output light beam being within +/-10 % of 
the substantially fixed percentage at the given wavelength, such as for example within +/- 
5 % of the substantially fixed percentage at the given wavelength. 

In another preferred embodiment, the incident light beam has a wavelength within a 
predetermined wavelength range, and the beamsplitter may induce a variation in the 
power of the transmitted/reflected secondary light beam being within +/-10 %, such as 
within +/- 5%, of the average power of the transmitted/ reflected secondary light beam in 
the given wavelength range so as to provide a variation in the substantially fixed 
percentage of the primary output light beam being within +/-10 % of the average power of 
the transmitted/reflected secondary output light beam in the predetermined wavelength 
range, such as for example within +/- 5 % of the average power of the 
transmitted/reflected secondary output light beam in the predetermined wavelength range. 
The output power of the primary output light beam is, preferably, kept within +/- 20 % of 
a predetermined output power, such as for example within +/-10 % of the predetermined 
output power. It is an important advantage of the herein described detection system that 
the overall variation of the output power may be kept within these limits as the law lays 
down that the variation of the power output of a laser for use in medical treatment should 
be limited to +/- 20 %. 

For example in medical treatment, it is crucial to limit the variation of the output power of 
the applied laser to ensure a uniform treatment of the patients. In the medical industry, an 
effort is made to develop treatment patterns, etc. to obtain a uniform treatment of e.g. a 
skin area to be treated. In order to obtain a consistent and uniform treatment, e.g. 
throughout the day or throughout the month, it is of importance that the real value of the 
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output power is known. Even though frequent calibrations may be performed to ensure 
uniform output treatment, these calibrations do not take, for example, temperature 
changes during the day into account. Furthermore, continuous monitoring of the output 
power is more convenient for the operator of the system since no additional procedures 
are required for calibrations of the system. 

To obtain a beamsplitter capable of providing transmittance/reflection spectra having a 
very low variation in transmittance/reflection, the beamsplitter may be coated with a 
multi-layer dielectric coating. The coating of the beamsplitter may preferably comprise a 
number of alternating layers having different indices of refraction, for example so that 
each of the alternating layers has an index of refraction being significant of said layer. In a 
preferred embodiment, the alternating layers comprise alternating layers of titanium- 
dioxide (Ti0 2 ) and quartz (Si0 2 ). It should, however, be envisaged that also other 
dielectric materials may be used to obtain a coating having the desired properties. The 
number of layers may depend on the manufacturing process and may be for example more 
than 20, such as more than 40, such as more than 60, such as more than 80, or even such 
as more than 100 layers. 

Preferably, the indices of refraction of the alternating layers are chosen within a range 
from approximately 1.2 to approximately 2.5. The dielectric coating may for example 
comprise at least a first layer having an index of refraction being within a range from 
approximately 1.2 to approximately 1.6, and at least a second layer having an index of 
refraction being within a range from approximately 2.0 to approximately 2.5. It is, though, 
envisaged that the optimum thicknesses and/or indices of refraction being dependent on 
the light source used and the wavelength emitted from the light source. Furthermore, the 
thickness of the layers may be tightly controlled according to the wavelength of the light to 
be incident on the specific coating, and it is further preferred to manufacture the dielectric 
coating so that the water content of the coating is minimized. 

It is, thus, to be understood that the dielectric coating is manufactured so as to provide a 
match between the dielectric coating and the emitted wavelength of the specific light 
source to be used in a specific system. 

BRIEF DESCRIPTION OF THE DRAWINGS. 

In the following, a preferred embodiment of an optical system will be described with 
reference to the drawings, wherein 

Fig. 1 shows a schematic view of an optical feedback system of a reflective type, 
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Fig. 2 shows a schematic view of an optical feedback system of a transmissive type, 

Fig. 3 illustrates the wavelength dependent variation in transmitta nee/ reflectance of a 
beamsplitter of reflective/transmissive type, and 

Fig. 4 shows the transmittance of a secondary light beam as a function of wavelength, 
using a beamsplitter having a preferred dielectric coating. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an optical feedback system of a reflective type comprising a light source 1 for 
emission of a first light beam 2 being incident upon a dielectrically coated mirror 3 (a 
beamsplitter). The beamsplitter 3 reflects a primary output light beam 4 and transmits a 
secondary output light beam 5. The beamsplitter is thus of the reflective type. The 
beamsplitter 3 is designed in such a way that the power of the secondary output light 
beam 5 constitutes a substantially fixed percentage of the power of the primary output 
light beam 4. 

The primary output light beam 4 is reflected onto a second mirror 6 from which it is 
reflected so as to obtain a high power primary output light beam 7. 

The secondary output light beam 5, on the other hand, is fed into a detector 8 for 
measuring the power of the secondary output light beam 5. The detector 8 produces an 
electrical feedback signal in response to the secondary output light beam 5. The electrical 
feedback signal is in turn communicated to the first light source 1. Since the power of the 
secondary output light beam 5 constitutes a substantially fixed percentage of the power of 
the primary output light beam 7, the measured power provides a measure of the power of 
the primary output light beam 7. 

Responsive to the received electrical feedback signal, parameters of the first light source 1 
may be adjusted so that the first light beam Remitted from the first light source 1 is 
adjusted so as to keep the power of the primary output light beam 7 substantially 
constant. The parameters of the light source may comprise the current supplied to the 
light source, the current being adjusted so as to keep the power of the primary output light 
beam substantially constant. It is envisaged that also other light source parameters 
suitable for dynamic adjustment of the laser power may be used. 
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Thus, the power of the primary output light beam may be continuously monitored by 
monitoring the secondary output light beam, and the power of the light source may be 
adjusted if necessary so that the power of the primary output light beam may be kept 
substantially constant. Thereby, an output light beam having a substantially constant 
power, i.e. a very stable output beam, is provided. This is particularly useful, e.g. for 
treatment of skin disorders and for other medical uses of the primary output light beam in 
order to obtain a uniform treatment. Furthermore, in order to obtain an approval of 
medical use of a light source, such as a laser, it is a requirement stipulated by the 
authorities that the power variation of the output light beam is below +/- 20 %. 
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Fig. 2 shows another optical feedback system, the feedback system being of a transmissive 
type and comprising a first light source 1, a beamsplitter 3, and a detector 8 as described 
above. However, in this case the beamsplitter 3 is a transmissive type beamsplitter 3, and 
j^J the primary output light beam 7 is transmitted through the beamsplitter 3 while the 

p 15 secondary output light beam 5 is reflected from the beamsplitter 3. 



Both the reflective and the transmissive type of feedback system may be equally applied. 

Fig. 3 shows the transmitta nee/ reflectance of beamsplitter 3 of reflective/transmissive type 
20 (i.e. corresponding to the secondary output light beam) as a function of wavelength. This 
yj figure illustrates the variation in transmitta nee/ reflectance (the ripple) of the beamsplitter 

U 3 in a wavelength region of interest. The variation in transmitta nee/ reflectance of the 

j?* 

p beamsplitter will closely correlate to the variation in power of the secondary light beam 

f\l transmitted through/reflected from the beamsplitter. The wavelength region of interest is 

25 an interval of wavelengths comprising wavelengths at which it, according to the light 
source applied to the system, is desirable and/or advantageous to operate the device. 



In order to obtain a high throughput of the system with as little loss as possible, the fixed 
percentage should be as small as possible. Thus, the power of the secondary output light 

30 beam may constitute only a very small percentage of the power of the primary output light 
beam, such as 0.05 % - 0.1 %. Thus, the secondary output light beam is preferably a very 
weak beam. In order to obtain a precise measure of the power of the primary output light 
beam as described above, the measurement of the power of the secondary output light 
beam should be as precise as possible. Therefore, it is crucial that variations in the 

35 transmitta nee/ reflectance of the beamsplitter 3 are minimized within the wavelength 
region of interest. When the secondary output light beam constitutes only a very small 
part of the primary output light beam, variations in transmittance/reflectance of the 
beamsplitter 3 may easily be of the same order of magnitude as the 

transmittance/reflectance of the beamsplitter 3 in the wavelength region of interest when 
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using conventional dielectric coatings. Hereby, the percentage of the first light beam 2 
transmitted through/reflected from the beamsplitter 3 will not be a substantially fixed 
percentage of the primary output light beam but may vary up to 50 % or even up to 100 
% in the wavelength region of interest. 

5 

It is an advantage of the present invention that the variation of the 

transmittance/reflectance of the beamsplitter 3 corresponds to approximately +/- 5 % of 
the transmittance/reflectance at a specific wavelength (805 nm cf. Fig. 4). The variation in 
power of the secondary output light beam introduced by the beamsplitter is thus so small 
10 that a useful measurement can be obtained. This is necessary in order to control the power 
of the primary output light beam in a satisfactorily manner. 



o 
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In Fig. 3 the transmittance/reflectance of the beamsplitter is very low in the region of 
interest. The variations are shown as deviations from a mean value of the 
15 transmittance/reflectance. The maximum deviations are referred to as the peak-to-peak 
ripple. The peak-to-peak ripple should constitute only a small fraction of the mean 
transmittance/reflectance in the wavelength region of interest and/or of the 
transmittance/reflectance at a certain specified wavelength. The small fraction is 
preferably below +/- 10 %, most preferably at or below +/- 5 %. 

20 



yj Fig. 4 shows the transmittance spectrum, i.e. the transmittance as a function of ' 

P wavelength, of a reflective type beamsplitter 3 being coated with a preferred dielectric 

p coating. The dielectric coating is an ultra-hard coating manufactured by DELTA Light and 

ft) Optics, Lyngby, Denmark. The coating comprises 80 alternating layers of Ti0 2 and Si0 2 . 

25 The dielectric coating is adapted to a wavelength region of interest being between 780 nm 
and 830 nm. The coating has a reflectance which is greater than 99.8 % for s and p 
polarized light in the wavelength region of interest. The transmittance is 0.05 % - 0.15 % 
for p polarized light at 805 nm, and the variation of the transmittance (the ripple) is +/- 5 
% of the transmittance at 805 nm within the wavelength region of interest. 

30 

The beamsplitter is manufactured in BK7, or an equivalent material, and the flatness of the 
coated area is lambda/10 over the coated area, where lambda is the center wavelength for 
which the coating is designed, i.e. 805 nm for this coating. The quality of the surface is 60- 
40 Scratch and Dig. The thickness of the beamsplitter is 1 mm and the length and width of 
35 the beamsplitter are 16 mm and 12 mm, respectively. The beamsplitter may be used with 
light beam intensities of at least less than 2 kW/cm 2 (for continuous wave light beams), as 
is specified for this specific coating. 
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It is clear from Fig. 4 that the variation, introduced by the beamsplitter, of the transmitted 
power of the secondary output light beam constitutes a very small fraction of the 
transmitted power. By using this particular coating it is, therefore, possible to obtain a 
precise measurement of the transmitted secondary output power even though the 
transmittance is low due to a desire of obtaining a high throughput of the system. It is, 
thus, possible to obtain a useful feedback signal which may be used to control the power of 
the primary output light beam in order to keep this substantially constant, while at the 
same time providing a high throughput of the system, i.e. without sacrificing too much of 
the input power for feedback purposes. It is a further advantage of being able to obtain a 
secondary light beam being only a small fraction of the power of the primary light beam 
that the power of the secondary light beam is easily handled by the feedback system. An 
increased power of the secondary light beam may lead to over-exposure of the detector, 
etc. Having for example a 90 W laser, 1% corresponds to 90 mW which is easily handled 
by the feedback system, without too much power to be dissipated in the feedback system. 



